Abstract-This paper presents an output feedback sliding mode control algorithm for linear MIMO systems with mismatched parameter uncertainties along with disturbances and matched nonlinear perturbations. A scheme of the output-dependent integral sliding surface is proposed and a control law is then designed to satisfy the reaching and sliding condition. Through utilizing H  control analytical technique, once the system is in the sliding mode, the proposed algorithm can guarantee robust stabilization and sustain the nature of performing disturbance attenuation in terms of an algebraic Riccati equation. Finally, the feasibility of our proposed algorithm is illustrated using a numerical example.
utilize the system output to design a controller which is called static OFSMC. Secondly, a state observer or a dynamic compensator has to be constructed to design a controller which is called dynamic OFSMC. Choi [3] proposed a static output-dependent sliding surface design developed from linear matrix inequality (LMI) technique [1] . Since the dynamics of the sliding surface is always related to the unmeasured system state, the high gain control [3] is introduced to achieve the global convergence. Upon examining the static output feedback, Xiang et al. [14] applied an iterative LMI technique to avoid the high gain problem. The main advantage of dynamic OFSMC is that introducing extra dynamics into OFSMC can improve the system stability as well as obtaining the desired system performance. Further, Park et al. [11] extended Choi's method [3] and proposed a dynamical output feedback variable structure control law to deal with the same problem. Based on estimation state, Juang and Lee [10] obtained the solutions of a set of LMIs in which the proposed algorithm can guarantee the system stability with a bounded L 2 gain performance. Choi [4] used the compensator and LMI to give the sufficient condition of the sliding surface for a system with mismatched disturbance. The advantage of using LMI technique to OFSMC for uncertain systems has been addressed explicitly in these aforementioned papers.
In this paper, an OFSMC method with guarantied disturbance attenuation for linear MIMO systems with mismatched norm-bounded uncertainties along with disturbances and matched nonlinear perturbation is proposed. We introduce the design of an output-dependent integral sliding surface can improve the system stability as well as obtaining a bounded L 2 gain performance. Once the system is in the sliding mode, applying H  control analyzing technique, the proposed method can guarantee robust stability with disturbance attenuation where the existence condition is determined by solving an algebraic Riccati equation which is to be involved with their original system parameters. Without requiring any transformation matrix, our method is a straightforward design scheme and can be easily solved by using the solution algorithm proposed by Gadewadikar et al. [9, 10] . Based on information of the system output, a control law is designed to satisfy the reaching and sliding condition. This paper is organized as follows. The descriptions of system and the problem formulation are given in Section 2. Section 3 presents the design of the output-dependent integral sliding surface. Moreover, the control algorithm is also provided in Section 3. The effectiveness of the proposed controller is illustrated in Section 4 with a numerical example. Concluding remarks are given in Section 5.
II. PROBLEM FORMULATION
Consider a continuous-time system described by the state space form as 
where m  f  is a time varying vector. In addition, the system uncertainty matrix ( ) t A is unknown but norm-bounded as [13, 18] (
where ( ) t G is an unknown matrix satisfying ( ) ( ) T t t  G G I , and D and H are known matrices with appropriate dimensions. It follows from (1) to (3) that the controlled plant can be written as
Suppose that the triple   , , C A B in system (4) is completely controllable and observable. More specifically, the problem of ensuring robust disturbance attenuation is to design a controller such that the closed-loop system is stable and there exits a constant 0     with respect to which the performance bound [8, 9, 13] 
is satisfied for all d, where 0  R is the weighting matrix. The disturbance attenuation problem encountered was affiliated with designing a feedback control law to ensure that the effect of the disturbance acting on a system is reduced to an accepted level. As a whole, H  optimization technique [18] or LMI approach [1] is an effective method to be used for solving this problem of which the design objective is to minimize the gain from disturbance input to the controlled output covering all frequencies.
In this paper, we establish the design of output integral sliding mode control in which the proposed method can guarantee robust disturbance attenuation once the system is in the sliding mode. A control law using output information only is designed to make system satisfying the reaching and sliding condition [6] . Before introducing the proposed method, the following three assumptions are made throughout this paper.
Nevertheless, it is in this respect that these three assumptions grow out of the conventional OFSMC design methods.
is a known function, and  denotes as the 2-norm.
Assumption 2:
The mismatched disturbance is bounded as
Assumption 4:
The triple   , , A B C is minimum phase.
III. INTEGRAL SLIDING MODE CONTROLLER DESIGN
A design method of using the output-dependent integral sliding surface is proposed in this section by employing the reduced-order compensator to be incorporated into the specification of disturbance attenuation. Seeking next to design integral-type sliding surface for both matched and mismatched uncertain systems, Cao and Xu [2] developed a state-dependent integral sliding surface design in which the system maintains on the sliding surface from the initial moment. Therefore, the method obtains the more robust property than the traditional design with reaching phase. In this work, we extend Cao and Xu's method to the system with regard to which only the output information is obtainable. First, a control law is proposed to guarantee that the sliding mode can be maintained from the initial moment. Once the system is in the sliding mode, carrying out the standard mathematical procedure, the proposed algorithm can guarantee the stability of the closed-loop system and sustain the nature of performing disturbance attenuation when the solution to an algebraic Riccati equation can be found.
Since
we can obtain a matrix
then design the output-dependent integral sliding surface as
where m n   s  and m  v  is a controlled input to be designed such that robust disturbance attenuation can be achieved when the system is in the sliding mode. Therefore, robust disturbance attenuation is changed to
Differentiating (6) ThC6.1
Moreover, 0
  is a small constant and 0   is a design constant in which it affects the attraction region to the sliding mode. Through straightforward calculation, we have
t t d t t t t t d t t t dt t
Substituting (9) into (8) and pre-multiplying T s in both sides of (8) can attain (9) guarantees that the following identities ( ) ( ) t t   s s 0  (12) hold for all 0 t  . Therefore, the unwanted transient behavior to the sliding mode can be efficiently shorted. In the following, we get into the system stability analysis in the sliding mode and design the control input v.
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Suppose that the system has been successfully controlled to stay in the sliding mode. It follows from (8) and the concept of equivalent control [6, 12] that the control input maintaining the system on the sliding surface is
Substituting (13) into system (4) can obtain the system dynamics in the sliding mode as
where   A A BFCA , 1   D D BFCD and 1   E E BFCE , and the performance output is defined as
For system (14) , it is desired to find a static output feedback gain matrix K such that the system is stable and the 2 L gain is bounded by a prescribed value  . Before introducing the main theorem, we have the following lemma. 
where the positive definite matrix 0  P satisfies the following algebraic Riccati equation:
, then the stability of the closed-loop system and robust disturbance attenuation can be guaranteed.
Proof:
The main approach employed here is the standard Hamilton-Jacobi-Isaac method [18] . First, we define a quadratic energy function ( )
x Px where 0  P is to be determined in the latter. Then the Hamiltonian function is given by
A sufficient condition for achieving robust disturbance attenuation is that [13]  
x Px and  y Cx , ones can yield
From H  control theory [13] , it is shown that the worst case 
where the matrices L and 0  P satisfy the following Riccati equation . The time response of the system output is shown in Figure 1 . Figure 2 depicts the control input u and the response of ( ) s t is shown in Figure 3 . From Figure 1 , although the nominal system has uncertain term and mismatched disturbance, the response of the system output has good performance. Hence, the robust disturbance attenuation can be guaranteed once the system is in the sliding layer.
V. CONCLUSION
In this paper, we have given a design method of an output feedback sliding mode control law guaranteeing the effect of disturbance attenuation on a linear MIMO uncertain system having mismatched disturbance and matched nonlinear perturbation. By putting together the design of using output-dependent integral sliding surface and the solving method proposed by Gadewadikar et al., once the system is in the sliding mode, the robust stability of the closed-loop system and the characteristics of disturbance attenuation can be obtained from the solution to an algebraic Riccati equation. Our proposed method is simple in nature with involvements of its original system matrices only. A control law is used to ensure that the system can maintain on the sliding surface from the initial moment. The numerical example also demonstrates that the proposed algorithm should successfully be implemented. 
